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SUMMARY 
Although it was previously shown that the basic hydrolysis of 
chloroform probably proceeds by a mechanism involving the trichloro-
methyl carbanion and carbon dichloride as intermediates, it was not 
possible to prove conclusively that the reaction does not proceed either 
by the 5N2,attack of water molecules upon the trichloromethyl anion or 
by the SN2 attack of hydroxide ions upon chloroform. 
Since the carbon dihalide mechanism involves the loss of a 
chloride ion from the trichloromethyl anion by an Snl reaction in the 
rate determining step, it was believed that demonstration of a mass 
law effect would offer conclueive proof.. of the., carbon dihalide mechanism. 
Atcordingly, the rate of basid' , hydrolysis of chloroform'itras determined 
in the presence of several added salts at several concentrations. 
Although the effects of sodiuM fluoride, nitrate, and perchlorate 
upon the rate of this reaCtion'differed by amounts within the experimen-
tal error, the reaction was slowed by identical concentrations of 
chloride, brotide l and iodide ions. In the case of sodium chloride, this 
waS"due to a mass law effect'produced by the recombination of carbon di-
chloride with chloride ions. ConbinatiOn of carbon dichloride with 
bromide and iodide ions yielded dichlorobromomethane and dichloroiodo-
methane, the latter compound having been isolated: In agreement with 
expectation, the rate constants obtained in the presence of bromide 
and iodide ions climb with time because the haloforms produced by the 
reactions of these ions with carbon dichloride are more reactive than 
ix 
chloroform. Good agreement was found between the magnitude of the de-
crease in the initial rate of chloroform hydrolysis due to the inter-
vention of the various halide ions and the nucleophilic constants of 
the halide ions according to Swain and Scott. These data rule out all 
of the alternate mechanisms which have been suggested. 
The rates of basic hydrolysis of chloroform, dichloroiodomethane, 
dichlorobromomethane, chlorodibromomethane, and bromochlorofiuoromethane 
have been determined in aqueous,dioxane. The kinetics in all cases was 
first order in both haloform and , hydroxide ion. The relative reactivity 
toward =sodium hydroxide in aqueous dioxane was found to be 
HCErC1F > HCC12Br > HCC1Br2 	HCC12I > HCC13 > HCF3 . 
Heats and entropies of activation have been calculated frOm' the 
observed rate constants. 




Although Geuther (1) was probably the first to suggest that 
carbon dichloride is an intermediate in the basic hydrolysis of chloro-
form, the first good evidence for the existence of this compound as an 
intermediate was presented by Hine (2) as the result of a kinetic study 
of the basic hydrolysis of chloroform in aqueous dioxane. From the 
second order kinetics of the reaction (first order in both chloroform 
and hydroxide ion), three possible mechanisms were suggested: 
(1) 	col3 	+ OH' zi.i. 	0.913 7 	H2O 	(fast) 
CC1 	""'.''' 	+ 	Cl 3 CC1 , 2 	
(slow) 
H20„ OH . 
CC12 --!-----CP + HCO2 - (fast) 
(II) HCC13 + OH- 74== CC13- + H90 	(fast) 






,41.- CO 	HCO2 	‘-(fast) 
1'120 
1. A. Geuther, Ann., 123, 121 (1862). 
2. J. Hine, J. Am. Chem. Soc.,'72, 2438 (1950). 
3 
(III) HCC13 + OH -- 	HCCi2OE + Cl 	(slow). 
H2- 
:HCC120H  	CO + HCO2- 
OH 
(fast) 
'Hine was able to present . considerable evidence in support of 
mechanism I. The reversible formation of the trichloromethyl car-
banion was supported by the fact that'Sakamoto (3) found that the 
base catalyzed deuterium exchange of chloroform is rapid compared to 
the rate of hydrolysis. (Recent work in this laiDoratory (4) on the 
rate of base catalyzed deuterium exchange of haloforms in aqueous 
solution has confirmed Sakamoto!5 findings.) 
The rate determining step, the loss of a chloride ion by an 
Sill reaction is reasonable when it is considered that the accumulation 
of halogens on the same carbon atom causes increased SN1 reactivity (5,6), 
probably by resonance stabilization of the carbonium ion. It is to be 
expected that the trichloromethyl carbanion with its negative charge 
3. Y. Sakamoto, J. Chem. Soc. Japan, 57, 169 (1936); Bull. 
Chem. Soc. Japan, 11, 627 (1936); C. A. 31, 931 (1937)• 
4. J. Hine, R. C. Peek, Jr. and B. D. Oakes, unpublished work, 
Georgia Institute of Technology. 
5. S. C. J. Olivier and A. P. Weber, Rec. tray. chim., 53, 
869 (1934)• 
6. J. Hine and D. E. ice, J. Am. Chen. Soc., 73, 22 (1951). 
L
. 
would lbse a chloride ion easier than the neutral molecule of chloro-
form. The resultant carbon dichlorideypuld'have considerable resonance 
stabilization from contributing structures such as 
0.1 	ial 	all 
olc IC 	100 
IC1 G 	I IC1. I 
Still more resonance stabilization would result if one allows ten-
electron structures of chlorine. 
Although it was not possible to rule out mechanism II completely, 
there were a number of reasons for considering it unlikely. One objec-
tion raised was that it requires the trichloromethyl anion to be more 
reactive than chloroform toward water, in spite of the fact that the 
negative end of the H-0 dipoles in a water molecule must attack a 
negative carbon atom in the case of the anion. 
Objections presented against mechanism III included the high 
reactivity of chloroform:OWard S„;IZ attack by the strongly basic  
hydroxide ion and yet normal reactivity toward piperidine (2,7) when 
compared to the other chlorides of methane. Mechanism III does not 
show why. the addition of hydroxide ions greatly increases the rate of 
reaction of thiophenoxide ion with chloroform - to yield phenyl 
orthothioformate. 
7. P. Petrenko-Kritschenko and V. Opotsky, Ber., 39B, 
2131 (1926). 
5 
Recent work of Singley (E) indicates'it is very probable that 
bromoform, bromodichloromethane, dibromochloramethane, and fluorobromo-
chloromethane undergo basic hydrolysis by the same mechanism as 
chloroform. 
The purpose of this study is to determine the actual mechanism 
of the basic hydrolysis of chloroform. 
8. J. E. Singley, Jr., Carbon Dihalides as Intermediates in  
the Basic Hydrolysis of_Haldforms, Unpublished M. S. lbeais;'"Georgia 
Institute of Technology, . 1952. 
CHAPTER II 
ATTACK 
It has been demonstrate&by the work of Batenan, Hughes, and 
Ingold (9) on the effect of added salts upon the rate of solvolysis 
of 12,12:-diMethylbenzhydryl chloride in aqueous acetone that th P .loss 
of the chloride ion to form the carbonium ion is reversible, the rate 
being specifically reduced by the addition of chloride ion. This is 
termed a mass or mass law effect
1
, and the possibility of its observa-
tion increases with increasing stability of the carbonium ion and 
increasing nucleophilicity of the common ion. 
It is believed that there was a fair chance of observing a 
mass law effect in the basic hydrolysis of chloroform if mechanism I 





For a discussion of mass law effect, see C. K. Ingold, 
"Structure and Mechanism i;i0rganiC Chemistry", Cornell UniVersity 
Press, Ithaca, N. Y., 1953, pp. 360-71. 
,9. L C. Bateman, E. D. Hughes, and C. K. Ingold, J. Chem. 
Soc., 1940, 974. 
7 
Accordingly, the first experiments were to determine the rates 
of basic hydrolysis of chloroform in the presence of several added salts. 
Sodium nitrate, potassium nitrate, sodium chloride, sodium iodide, 
sodium perchlorate, and sodium fluoride were used at a concentration of 
0.160 N. Since Hine (2) had observed specific salt effects in 66-2/3 
per cent dioxane even at concentrations as low as 0.1 N, it was felt 
that pure water would be a better solvent than aqueous dioxane for the 
salt work. 
In order to make the data more nearly comparable, rates were run 
in the presence of several salts at the same time in the same bath. 
In almost all cases, one of the salts was sodium chloride. For this 
reason, it is believed that the relative values of the rate constants 
are of much more accuracy than the average values. 
As the rates of the reaction in the presence of sodium chloride 
and iodide were definitely lower than the presence of the inert salts 
such as sodium fluoride, perchlorate, and nitrate, it was evident 
that chloride and iodide ions were intervening. In agreement with the 
data of Hine (2), a higher rate in the presence of potassium ion was 
observed in the case of potassium nitrate. Since mechanism I has the 
loss of a chloride ion from the trichloromethyl anion as the rate 
determining step, it is not surprising to find that the nature of the 
added cation has some effect upon the rate of the reaction. 
Even though it was evident that the three inert salts had very 
nearly the same effect upon the rate, it was considered worthwhile to 
work at salt concentrations of 0.080 normal. The salts, used were the 
fluoride, chloride, bromide, iodide, nitrate, and perchlorate of sodium. 
8 
The fluoride,.perchlorate, and nitrate ions all had approximately the 
same effect upon the rate, while the chloride, bromide, and iodide 
showed progressively greater decreases in the order given. In addition, 
the rate constants in the cases of , the later two climbed with time, a 
behavior lending support to the intervention of both bromide and iodide 
ions as well as chloride with the intermediate carbon dichloride. 
In order to prove this point, an attempt was made to isolate 
dichloroiodomethane from the reaction solution of chloroform and aqueous 
sodium hydroxide in the presence of sodium iodide. Although this 
attempt was successful, it was necessary to prove that dichloroiodomethane 
undergoes basic hydrolysis faster than does chloroform in order to demon-
strate that the rate constants would be expected to,rise with time ac-
cording to. mechanism I. 
This work led logicsTly , igto ,the determination of the rates of 
basic hydrolysis of ohloroform and several other baloforms .in various 
solvents and at several tenteraturea: Heats of activationas well as 
entropies of activation were calculated from the data. 
Another problem along this line was the .accurate determination 
of the fraction of the chloroform hydrolyzed that yielded formate ion. 
This is the factor f in the rate equation. A. quantitative determination 
of formate ion in the presence of chloride ion based upon the titration 





The kinetic runs at 35 and 14.3 0 Were'inade' in a large constant 
temperature water bath. The teMperature was constant to within ± 0.05 ° , 
and from checking the temperature on a thermometer calibrated)oy the 
Bureau of Standards it is believed that the temperature "recordedis 
,• 
accurate to withiri Oa*: *was necessary to circulate ice water 
through the coolingeoils Of the bath to maintain the setting at 14.3°. 
The runs at 0° were made in - an insulated icebox ,Constructed frOm 
a five gallon can with one side -. Cut out. It was sUpPoried in.a- plywood 
, 	. 
box in such',away as to allow for approximately "1-1/2 inches of-sawdust 
insulation on all sides; An insulated top was provided. During the 
runs, the box was kept filled With a slurry of cracked ice and water. 
The temperature was constant to within 0.1 ° . 
The multiple flask technique was used for the determination of 
the rate of basic hydrolysis of chlorafOrM in the presence of'aided -- 
salts because of the low soiubiliti'of chiorbform in water and its 
high vapor pressure at this temperature. Into each of several (general-
ly twelve Or morel 10p_ml. 	 'ex volumetric flasks was pipeted 80.0 ml. 
of either a 0:100 N or else a 0.200 N salt solution at bath temperatlire. 
The flask: was then swept out with'nitrogen,:stopperSa l and placed in 
the' constant temperature bath. One-fourth of a milliliter of pure 
chloroform at room temperature was added to each flask by means of a 
10 
hypoderMic syringe that was foUnd_to deliver 0.250 ± 0.0015 (average 
deviation) ml. The flask was restoppered, and the Solution of the 
chloroform completed by vigorous shaking for about five minutes. The 
weight of the chloroform was calculated from the density of the chloro-
form at the temperature delivered. The flask was then returned to the 
constant temperature bath, and after about thirty minutes to allow 
thermal equilibration, the reaction was started by pipeting 20.0 ml. 
(at bath temperature) of standard Sodium hydroxide solution into the 
flask. The entire contents of a single flask were used for a single 
point. A zero point was run after one or two minutes; the elapsed 
times, concentrations and the titers to back-titrant base were correct-
ed to this zero point. To take a single point, a flask was removed 
from the bath, wiped dry with a clean towel, and the contents of the 
flask were quantitatively transferred to an Erlenmeyer flask containing 
a measured volume of a standard acid (an excess of aqueous E .-toluene-
sulfonic acid to stop the reaction). The excess acid was back-titrated 
to the phenolphthalein end point with standard sodium hydroxide solu-
tion. The time for the end of the reaction was taken as the mid-point 
of the addition of the contents of the flask to the standard acid 
solution. The rate constants were calculated for each point from the 
following integrated rate expression: 
2.303, 	148.7x)  k = WE73) -Log gb-zxj 
z= 3 4. f 
t = the time in seconds 
a = the initial concentration of chloroform in moles/liter 
b,= the initial concentration of base in moles/liter 
f ® the fraction of chloroform yielding formate 
x - the change in chloroform concentration during time t 
k 	the specific rate constant in liter-second -1 moles -= 
of chloroform. 
In everyF;case,: at ; least' two' different salts, one of which was' 
usually odium chloride, were ,. 111,4 in the same: bath at the same time. 
• '4- 	 1 ,1 	 ,N,?! 	 '  
• 
In! this way a check 	maintainad4be*Eenftwl,cdifferent-runs 'so as to 
allow close comparison,of all results: 
For the kinetic runs in 67 per cent 4 0xane at 35:0 the re-
action was e followed by the withdrawal of 20'.0 ml. samples from a re-
action mixture prepared,bY PiPeting the following into a 250 ml. 
volumetric flask: 
. 62.0 ml. of 0.09542' N S06.1)21 hydroxide; 
• 1.00 ml. of a mixture of 1.00 ml. of 
dioxane and 1.00,of 0.09542 N sodium 
hydroxide; 
20.0'ml. of boiled distilled water; '"  
4. 155.0 ml. of dioxane. 
After thermostating for thirty minUtes or longer, the reaction was 
started by adding by pipet-12.00 ml. of a standard haloforin solution.in 
dioxane., The final volume,of:such aaolution was foUnd to be 246.3 •ml. 
at 35.0°C. After shaking and' replacin&the flask in the bath,20.0 
ml. .samples were withdrawn, and the reaCtion'Ooppedby aileWing the 
sample *drain into : a measured v91nEge-of standardp7toluenesulfonic 
acid. The excess acid waS,back-titrated, to the phenolphthalein end 
point with standard sodium, hydro4desolution : The first point talte] 
was used as a zero point l and all times and concentrations were corrected 
a:ceordinglY. TiMet - were=beaOured to the nearest second from the time of 
half'-drainage :  f they pipets.. 
For the kinetic 'runs in '40 Per cent- diokane at 35.0 (3,  the only 
departure from the foregoing technique was in the preparation of the 
solvent. This required the following additions to the fIask: 
1. 88.0 ml. of dioxane; 
2. 88.0 ml. of water; 
3. 62.0 ml. of the standard base; 
4. 12.00 ml. of the standard haloform solution 
in dioxane. 
The total volume of such a solution was 245.3 ml. 
It was necessary to modify this Procedure for Use"a -tO° because 
dioxane is a solid at this temperature.  The procedure used was to mix, 
at room temperature, a measured volume of the standard base with twice 
its measured volume of pure dioxane. To this solution was added a 
measured volume of 66-2/3 per cent dioxane at 0*, and finally, to start 
the reaction, a measured volume of a standard haloform solution in 
66-2/3 per cent dioxane. In order to prevent a change in the nature 
of the solvent as result of the difference in the thermal contractions 
between dioxane and water, all of the 66-2/3 per cent dioxane was pre-
pared by mixing two volumes of pure dioxane and one volume of boiled 
distilled water at room temperature. This solution was then chilled to 
0 0 and used as required. The samples were withdrawn in chilled pipet 
and delivered into flasks containing cracked ice and excess standard 
acid. Data are given in Table 1. 
12 
13 

























Al , AJ 
AU, AV, 
AW, AX 
The same technique as used for Runs AU through AX was used for 
Runs BB and W., except that the 'last two solutions were delivered at 
14.3 rather than 0°. 
In addition, it was desirable for e number of reasons to use 
special techniques for some of the runs.. A description of these 
follows. 
For Runs. AE and AF in 40 percent dioxane at 0 1 60 . 0 ml. of 
standard base and 40.0 ml. of dioxane were mixedat.room temperature. 
After cooling to, zero, 140 ml. of 40 per cent dioxane and 15.0 ml. of 
a standard haloform solution were added to give a final solution volume 
of 250.9 ml. at 0 ° . 
For Runs AS, AT, AY, and AZ in water at 0° 1 ,a 'known quantity of 
chloroform and a measured volume of sodium hydroxide solution were 
shaken at 0 ° until. solution was completed. 
In Runs BC, BD, BE, and BF 200.0 ml. of approximately 0.037 14 - ' 
sodium hydroxide in 66-2/3 per cent. dioxane was the. 'solvent. One 
milliliter of the,haloform.(at 32 °) was delivered by hypodermic syringe 
into the solvent. . AS in like caseil, the - quantitYj oethe helofOrM'wes 
calculated from its density, at this temperature. The initial concentra-
tion of the alkali was determined by means of a zero point titration of 
a sample. Fifteen milliliter Samples wdre ,used. 
The sample withdrawal method was also used in Runs AO and AP, 
but due to the loir solubility of dichlOroiOdomethane in water at 35 ° , 
low concentrations of sodium hydroxide were required; thus it was found 
necessary to use 80 ml. samples. The reaction solutions.  ere prepared 
by delivering 0.20 ml. of dichloroiodomethane (0.4847 g. average) by 
hypodermic syringe into 950 ml. of boiled distilled water in a one liter 
volumetric flask. After solution of the haloform and thermal equilibra-
tion, the reaction was started by the addition of 50.0 ml. of standard 
sodium hydroxide. 
For Run AN, the multiple flask technique was modified somewhat. 
One-fourth of a milliliter of bromochlorofluoromethane was added by 
hypodermic syringe to previously weighed 50 ml. volumetric flasks con-
taining 40.0 ml. (measured at 0 ° ) of boiled distilled water. The halo-
form was dissolved and its weight determined after again weighing the 
flask and its contents. The flask was chilled to 0 ° , and the reaction 
started by the addition of 10.0 ml. of standard sodium hydroxide at 0° . 
For Runs D, and BR, the:multiple flask technique was changed only 
in the manner of starting and stopping the reaction. To start the re-
action, twenty milliliters of a solution of sodium hydroxide and 
sodium R-thiocresolate was added to each flask. To stop the reaction, 
the contents of the flask were transferred to a one liter flask contain-
ing cracked ice. After titrating the sample to the thymolphthalein end 
point with p-toluenesulfonic acid, it was made acidic with glacial 
acetic acid, and—the p'-thiocresoltitrated with standard iodine solution. 
Isolation of Dichloroiodomethaae 
Ten milliliters of pure chloroform was dissolved in 1.80 liters 
of boiled distilled water by shaking for nearly one hour. Two hundred 
a. 
milliliters of 1.38 N carbonate free sodium hydroxide was added, the 
solution shaken, and 60 g. of C. P. sodium iodide added. The solution 
of all components was completed by shaking, and the reaction vessel, was 
placed in a water bath at 35° for 16-1/2 hours. The bath water was 
colored black to prevent photolytic decomposition. 
The reaction mixture was extracted with three portions of 
methylene chloride. After two washes of the extract with distilled 
water, the combined extracts were dried over Drierite. Much of the 
methylene chloride was lost by vaporization during the washing process, 
hence the combined extracts totaled only 50 ml. 
The bulk of the methylene chloride was removed at 90 mm. pres-
sure, and the residue was fractionated through a small column 24 inches 
in length, 6 mm. in diameter, and packed with a tantalum wire spiral. 
A fraction exhibiting the characteristic iodine color boiled at 45.2 ° 
 at 38 mm. yield 1.12 g.; d5 2.3852; flE5 31.5774; MP 29.31 (calculated
29.35). Auger (10) reported df) 2.41 and b.p. 40° (30 mm.). 
Using the same concentrations of sodium iodide, chloroform, and 
base as before, extracts from 100 ml. samples rapidly developed an 
iodine color in light. Crystals of iodine were deposited in the column 
10. M. V. Auger, Comp. rend., 146, 1037 (1908). 
upon attempted distillation, but not,enough..product was obtained to 
isolate. Under exactly the same conditions except in the absence of 
the base, the extracts did not show any iodine color or yield any iodine 
containing compound. 
Determination of the Factor f 
The factor f is defined as the fraction of the chloroform under-
going hydrolysis that yields formate ion. The products of the basic 
hydrolysis of chloroform are carbon monoxide and formate anion. 
CHC13 	3 NaOH 	1NaCl + CO 	2 H2O 
CHC1 4 NaOH --*■ 3:NaCl. :4- NaHdp : 	2:NO, 
• 
Each mole of chloroform forming carbon monoxide uses three moles of 
base; each mole of chloroform yielding formate uses four moles of 
base.. It is evident that 
_ 
moles of hydrOxideHused  
moles of chlbroftitMuted 
3 + . 
Thus it is possible to evaluate f by titrations to determine both the 
changes in halide and hydroxide concentrations. This was the method 
used by Rine (2). 
It was found that sodium formate could be titrated as a base in 
methanol solution with standard p4Olue4esulfonic acid. (in methanol) 
using a fresh solution of mrcresolsnlfOnphthalein in methanol as an 
indicator. This method gave results accurate to within 0.4 per cent 
of known samples of sodium formate even in the presence of large 
quantities of chloride ion. Fluoride ion interfered. 
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Results of the determination of the value of f on the same samples 
by both methods are given below. 
Table 2. Determination of f 
Run 






34 0.1434 0.1713 
35 0.1471 0.2009 
36 0.1448 0.1856 
37 0.1797 
Average ' 0.1844 




difference between two large numbers whereas the other method 
does not, Hut is believed that the value of f lies closer to 0.15 than 
to 0.18;. therefore the value of 0.15 was used for all haloforma in-
volving carbon dichloride as an ihtermediate. The values of f were 
determined at a base concentration of 0,14 N and a haloform concentration 
of 0.1 M in water, yet they are in good agreement with the values of f . 
determined by Oakes (11) in water at base concentrations of. 0.044 N 
and haloform concentrations, of 0.027, M. 
11. B. D. Oakes, unpublished work, Georgia' Institute of 
Technology. 
18 
Isotopic Ratio in the Formate Produced 
In an effort to learn'what happens after the rate determining 
step in the basic hydrolysis et chloroform, ittight be of value to run 
the reaction in a solvent containing equal quantities of normal and 
heavy water, and to determine the ratio of hydrogen of, deuterium in the 
formate produced. The single. protonof chloroforM is lost in the first 
step of the carbon dichloride mechanism. Niinzberg and Oberst (12) report 
only slight exchange of deuterium and hydrogen it'formate ion*in - 0.1 
normal sodium hydroxide solution at 100 ° . Therefore any deuterium in* 
the-formate must result from thereactiOn of an intermediate with sol-
vent. 
The first approach was through the pyrolysis of the sodium 
formate to sodium oxalate and nydrogen. However, it was found that even 
with the use of one per cent sodium hydroxide as a catalyst and under 
4 mm. pressure at 310 ° , the yield of hydrogen never exceeded 91'per cent. 
Since there is no" reasonto believe that a mixture of normal and deutero 
formate will yield a representative sample of hydrogen and deuterium, 
this approach was abandoned. 
It is possible to convert sodium formate to formic acid by treat-
ment with a solution of trichloroacetic'acid in carbon tetrachloride. 
It is hoped that - the isotopic ratio might be gotten from infra-red 
absorption measurement at the C-H and 'c-p stretching frequencies on a' 
carbon tetrachloride solution of formic acid. Unfortunately the tri-
chloroacetic acid -and formic acid interacted' td such an extent that it 
12. F. K. Nunzberg and W. Oberst, Z. physik. Chem., B31, 18 
(1935). 
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was impossible to analyze.for'them quantitatively by infra-red at the 
stretching frequencies. 
Since sodium formate is somewhat soluble in both methanol and 
ethanol, it might be possible to devise a method of analysis for normal 
and deutero sodilMiformate at higher Wave -1:z)i -kigths'than - the 0-H and C-D 
stretching, frequencies. 
PreparatiOn -and Purification OfiReagenis 
DichIcroiodomethane.-,Dichloroiodomethane was prepared by the method of 
Auger (10) by heating 350 g. of mercuric chloride in intimate mixture 
with 550 g. of iodoform under a pressure of 100 mm. and collecting the 
distillate. The head temperature never exceeded 95 ° . A total of 
222.4 g. of distillate was collected and fractionated through a Todd 
still at a reflux ratio of 8:1. Seventy milliliters of liquid boiling 
between 41.5 and 42° at 30 mm. was obtained. After the addition of 
approximately one per cent diphenylamine the dichloroiodomethane was 
washed with water, and then with small amounts of saturated solution 
of sodium thiosulfate until the iodine color was discharged. After 
three washings with water the liquid was dried over Drierite, but due 
to the development of an iodine color, it was necessary to repeat the 
washing steps given above. It was distilled at 38 mt. (b.p. 47 ° ) after 
again being dried. It was found necessary to add one per cent diphenyl-
amine by weight to inhibit free radical decomposition. The material 
was stored in a brown bottle under nitrogen. The final yield of 
purified product was 133 grams. 
BromochloroflUorPmethane.„--Bromohlorofluorotethane was prepared accord- 
ing to the method used by Hine and Singley (8). Two hundred,grams of 
mercuric fluoride (0.836 mole) and 160 ml. of dibromochloromethane 
(1.86 mole) were placed in a three necked flask equipped with a 
mechanical stirrer and a reflux condenser through which water heated 
to 40° was circulated so as to allow the bromochlorofluoromethane to 
escape while the dibromochloromethane refluxed. A distilling head 
with thermometer was placed at the top of the reflux condenser, and 
the product condensed by means of a downward condenser through which 
was circulated iced water. The product was collected in two receivers, 
the first chilled in ice-water mixture and the second by means of dry 
ice and acetone The vapors wereAed s to a water spray tube for ab- 
sorption. 
After gentle heating for five, hours, during which time an 
effort was made to keep the head temperature between 30 and 40 ° , the 
material in the receiver was removed, and the crude product purified 
25 by fractionation: yield 102.4 g or 83.4 per cent;'n p 1.4143; b. p. 
36.0-36.7°. Berry and. Sturtevant (13) repotted n25 1.4144 and 
b.p. 36.11-36.18 ° . 
Dioxane.--Commercial dioxane was purified by the method of Fieser (14)', 
13. K. L. Berry and J. M. Sturtevant, J. Am. Chem. Soc., 
1599 (1942). 	 — 
14. L. F. Fieser, "cperients in. Organic Chemistry," 





distilled under nitrogen, and stored in brown bottles. The boiling point 
was 101° C. 
Chloroform.--Chloroform was purified by the method of Fieser (15) and 
distilled from phosphorus pentoxide under nitrogen. The product was 
stored under nitrogen in a brown bottle, and a stream of nitrogen was 
blown through it for a few minutes to, remove phosgene and hydrogen chloride 
immediately before use: np5  1.4432; b.p. 61 ° . Timmermans (16) reports 
n25 1.4426 and b.p. 61.2 ° . 
Dichlorobromomethane and Dibromochloromethane.--These two haloforms were 
purified by distillation under nitrogen after refluxing over phosphorus 
pentoxide. Dichlorobromomethane: n25 1.4950, b.p. 88.0-88.5 9 ; reported 
(17) 45 1.4958, b.p. 90.1 ° . Dibromochloromethane: nr 1.5450, 4 2 
 2.411; b.p. 116.0-1165°; Jacobsen and Neumeister (18) reported 
b.p. 118-120 ° . 
Salts.--All of the salts used were of chemically pure grade and, except 
for drying, were used without further purifiCatiOn. Anhydrous sodium 
perchlorate was prepared from the monohydrate in a drying pistol by applying 
a gentle vacuum while heating by means of refIuxing bromobenzene. After 
15. Fieser, op. cit., pp. 365-366. 
16. J. Timmerman*, "Physieb-Chemical Constahts of Puke Organic 
Compounds," .Elsevier Publishing Co., Inc., New'York, N. Y., 1950, 
P. 220. 
17. Timrnermans, op. cit., p. 223. 
18. 0. Jacobsen and R. Neumeister, Ber., 15, 601 (1882). 
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the bulk of the water had been removed, the sodium perchlorate was re-
mOved, ground into a fine powder, and replaced in the pistol. The 
drying was completed over phosphorus pentoxide under vacuum while heated 
by the reflnxing bromobenzene. 
Sodium Bydroxide SolUtion.--CS:rbbnete free sodium hydroxide solution 
was prepared by two different methods. The 0.1776 N solution used for 
the work at salt concentrations of Or.160 N :Was prepared by dilution of 
a 1.4 N solution of sodium hydroxide that had been saturated with barium 
hydroxide. The 0.09542, 0.09422 and 0.02696 N solutions of sodium 
hydroxide that were used for all other work were made by diluting a 
quantity of filtered 50 per cent sodium hydroxide , solution with boiled 
distilled water. This was done under nitrogen to prevent absorption 
of carbon dioxide. All solutions were standardized against potassium 
acid phthalate using phenolphthalein as an indicator. They were stored 
in polyethylene bottles. 
p-Toluenesulfonic Acid.--p-Toluenesulfonic acid was prepared bY'dissolv-
ing the monohydrate in water and standardizing the solution against 
standard sodium hydroxide solution. 
CHAPTER IV 
DTSCPSSION OF RESULTS 
.Effect of Added Salts 
The effect of added salts at a concentration of 0.160 N upon 
the rate of basic hydrolysis of chloroform are tabulated below. 
Table 3. Rate. Constants for the Basic Hydrolysis 
of Chloroform in the Bresence of 0.160 N Added 
Salts and 0.0353 N NaOH 
2 
k x 104 1. mole-1  second-1  
Run 
  












aInitial rate constant (extrapolated) 
The climbing of rate constants with time in the presence of 
sodium iodide is illustrated in Fig. 1. 
It is evident that sodium chloride and sodium iodide reduce the 
rate, but an examination of the rate constants shows that while the 
nature of the cation has a specific effect upon the rate, the differences 
in rates between the various anions (other than chloride and iodide) 
are not large and may be due solely to experimental error. 










400 100 200 	300 
minutes 
500 
Fig. 1. Rate of Hydrolysis of Chloroform in the Presence of 
0.160 N Mai and 0.0353 N NaOH 
Since the rate constant ratios in Table 4 were calculated from 
data determined in the same baths at the same time, they allow better 
comparison between .different runs than do the average rate constants. 
Table 4. Rate Constant Ratios for the Hydrolysis 
of Chloroform in the Presence of 0.160 N Added Salts 
and 0.0353 N NaOH 
Salt 	 Rate Constant Ratios a 
AM. 
Sodium Chloride 1.00 . 
Sodium Fluoride 1.13 
Sodium Perchlorate 1.15 
Sodium Nitrate 1.16 
Potassium Nitrate 1.25 
aCompared to sodium chloride 
The work with 0.160 N salt solutions was all carried out with 
alkali containing barium ions and therefore is not directly comparable 
to the runs at:salt concentrations Of 0.0a0 - N, since these were made in 
the absence of barium ions. 
The following data were determined at salt concentrations one-
half of the former. 
25 
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Table,5. Rate constants for tbe,Bydrolysis of 
chloroform in the Preience of 0.OWN Added 'Salts 
and 0.19 N' NaOH 
k x 10
4 
1.mole-1  second-1  
Run trabi 	NaF 	NaNO3 	NaC104 	NaI 	NaBr 
	




2.16 	 2.35 	 1.90d 
2.37 	2.39 
	 1.95d 
a b J Denotes runs'made in the same bath at the same time' 
dInitial rate constant (extrapolated) 
The climb of the rate constants with time in the presence of 
sodium bromide and iodide is illustrated in Fig. 2 and Fig. 3. It is 
evident that the initial rate of hydrolysis of chloroform is decreased 
by the addition of chloride, bromide, and iodide ions, and that the 
magnitude of the effect increases in the order given. 
From a,consideration of, the results <ef' the salt work, it seems 
L 
Bel &a , BJa 
1) 	b 	b BK fib, 
BNc we, Bpc 
evident that chloride, bromide, and iodide ions are 
the initial rata constants. in the presence. of these 
leis than in the presence of the ioai which possess 
nucleophilicity. According to mechanism I, 
CC1•• CCi 	+ Cl- 
3 	 2 
CC12 + 	 CC1 X- 2' 
intervening since 
ions are materially 
little or no 
27 
400 0 500 100 200 	300 
minutes 
Fig. 2. Rate of Hydrolysis of Chloroform in the Presence of 
0.080 N gaI and 0.019 N NaOH 




Fig. 3. Rate of Hydrolysis of Chloroform in the Presence of 
0.080 N NaBr and 0.019 N NaOH 
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lice the rate pf,reaction of chloroforin is equal to k2 [CC13 , 
e . ahOOPe of any added state, the-initial'rate in the presence of-
eLv'Oded: salt that intervenes rt4 be e4ressed as eqUal to k 2 [CC-13 
o 
Hotrover, it may be ' 'shown tha 
q. 
where X is the intervening ion. It is evident that the overall rate of 
4. 
the reaction will be reduced as the result of this intervention, since 
a fraction of the carbon dihalide is reverted to haloform. 
When X- is , chloride ion, the second step simply becomes the re- 
versal of step ode, and_a true mass laweffect 	obtdivid. However, in - ' 
. 	, 
the case of bromide . and iodide ions, dichlOrObromo= and dichloroiddo- 
methane would'be formed,' and since these-compOundshydrolyzefaster than 
chloroform, the rate constants would climb with time Proof of the 
fOrmatiOn of , dichlorOiodomethane was Offered by the isolation of this 
compound from the reaction solution of Chloroform . WithaqueoUs sodium 
hydroxide in.the4rebence of'&odium iodide: , 
- whereA, is the fraCtion:of the carbon , diChloride that - does not revert 
tO'CC13r,pr ,pc 
Uting kg -to .designate the ittt"ConstAnt.at zero t*me'for chloro-
form in the presence of ,an added nueleophilic Ion, and k g for the rate 
constant4n the presence of an inert salt at.the same ionic strength, 
it is apparent that 
30 
where kw, kh, and kx are the specific second- order rate constants for 





To correlate the rates of reaction of various nucleophilic re-
agents with different substrates, SWain-and Scott (19) have devised 
the relationship log k/ko = s n. In this equationk is the second 
order rate constant for the reaction of. a given nucleophilic reagent 
with a given substrate, n is the specific nucleophilic constant for that 
reagent, s is a constant related to the substrate's ability of discrim- 
inate between various nucleophilic reagents, and l o is the second 
order rate constant for the reaction of the substrate with water. 
It is evident that Swain and Scott's k/ko have the same signi-
ficance as our kh/kw and kx/kw . 
Designating the ratios as corresponding i's, 
19. C. G. Swain and C. B. Scott, J. Am. Chem. Soc. 75 , 
141 (1953). 
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ko No] 	-11- , 04:001:11 ... 
k 	[E20] oc:h [pH-] ' 	a jx1 (1)  





where n1 and n2 are specific. nucleo pYi 	constants. Swain and Scott 
giVe values of'n'as 3.04 4 0.09,'3.89 4'0.09, 4.20 4 0.15, and 5.04 
0.21 for chloride, bromide, hydroxide, and iodide ions respectively 
(compared to water as 0.00). 
The value of ko for chloroform in the presence of 0.080 N 
sodium iodide was fOund by extrapolation of the data of Run L 
(see Fig. 2) to zero time to be 1.39 x 10 4 liter mole -1 second-1 . 
At the same ionic strength of sodium perchlorate in the same run, a 
value of 2.287 x 10 -4 may be assigned to kg, thus making ko/kg equal 
to 0.608. 
EXtrapolation of the data of Runs BI and BN to zero time gave a 
value of 1.95 x 10-4 for k0  in the presence of 0.080 N sodium bromide, 
making ko/kg equal to 0.819 where kg is 2.38 x 10 -4 (see Fig. 3). 
For the effect of 0.080 N sodium chloride, the data of Run .L 
gives a value of kolkg of 2.149 divided by 2.287 or 0.919, while that 
from Runs BL and BK gives a value of 2.163 divided by 2.353 or 0.939. 
The average of these two values is 0.929. 
The [H201 under these conditions is approximately 55.1. 
Using these ratios of ko/kg and Swain and Scott's values of n 
for the halide and hydroxide ions, equations (1) and (2) were solved 
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together to.yield values of 4x!h and 0(e x for each halide ion. The three 
different values of 0( h were averaged (6(h. average equals 229), and new 
values of ae x were then calculated for chloride, bromide, and iodide 
using the average values of 061 . A4hough work was not done at enough 
concentrations of hydroxide to state that Swain and Scott°s value of n 
for hydroxide holds for our work, it is evident froktrearranging equation 
(1) 
(1-q) R101 12 	+ o(h E 1: 
q L [ .-3 
that while the absolute values of a( x are dependent upon the value or 	, 
the values of 04 x for chloride, bromide, and iodide would have the same 
relative value regardless of the value of o(h used. Results are reported 
in Table 6. 
Table 6. Va1ues, .of!o( x forRalide Ions with Carbon Dichloride 
at 0.080 N Added Salt and 0.019,N NaOH 
Ion o(x log 2(x 
Iodide . 480 2.681 5.04 
Bromide 161i. 2.215 3.89 
Chloride 56.8 1.754 3:04 
Hydroxide' 229 2.360 4.20 
Using the average value of o(h determined from the work -at 0.080 
N salt concentrations, it is possible to calculate values of o( x for 
chloride and iodide ion from the data at salt concentrations of 0.160 N. 
The data and calculated values are recorded. in Table 7. 
x 
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Table 7. oc-x at 0.160 N Salt and 0.0353 N NaOH 
Run Halide 
k x 104 
ko/kg  •
( x log Kx ko  kg 
B Chloride 1.98 2.32 0.856 
F Chloride 2.06 2.35 0.876 
Average Chloride o.866 61.1 1.786 
Iodide 1.00a 2.35 0.426 532 2.726 
aInitial rate constant (extrapolated) 
To testthe results, the data:of :Tables 6 and 7 are plotted on 
7i! 
Fig. 4. Log c< versus n'shoUld yield a straight line. 
From the density and percentage sa1t,tn.al t514 solution of - 
sodium perchlorate-at 35°, with the assumption that the addition of 0.2 
mole of sodium chloride per liter Causes the sima'Aecreaseinwater 
concentration in 1.5 m sodium perchlorate as it'does 41.1.5 N sodium 
chloride solution, it is possible to estimate the concentration of-
water in 1.5 M sodium perchlorate with 0.2 N added sodium chloride as 
51.1 molar. Using this value, the data of Runs AK, AL, and AM, and 
04/ as 229, 0,(x was calculated fOrchloride and bromide ions. Data 
and calculated values are recorded below. 
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Table 8. 0(x at 0.20 N Salt, 1.5 N NaC104 and.0.019 N NaOH 
k x l04 
Run 	Anion 	 ko 	kg ko/kg 
AL 	Perchlorate 






elnitial'rate constant (extrapolated) 
It sppears'quite'certeip that 'the effects are due to Interven -T 
tion of the halide ions andnot to -specific salt effect in view of the 
agreement of the data to a straight line at salt concentrations of 0.080 
and 0.160 N (see Fig 4). The same effects of Chloride and bromide ions 
were observed even at a salt concentration of 0.2 N in 1.5 N sodium per-
chlorate solution, where specific salt effects would be "swamped" by the 
high concentration of electrolyte. Since the high salt concentration con-
stitutes a different medium, one does not expect good agreement of 0 4( x 
 with the values of p(ic at low electrolyte concentrations. 
The slope of the lih6 is 0.55 1 't4ustilis is the value of s for 
carbon didhloride. The parameter s is related to the ability of the 
substrate to discriminate between various nucleophilic reagents; .a 
high value of s indicates a high ability to discriminate. It has been 
shown by Hughes, Ingold, and co-workers (20) that the ability of a 
20. L. C. Bateman, M. G. Church, E. D. Hughes, C. K. Ingold, 
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Fig. 4. Log 0( versus n for Carbon Dichloride 
2 
reactive intermediate (in—their case, carbonium ions) to discriminate 
between nucleophilic reagents increases with increasing stability of the 
intermediate. From the data of Swain, Scott, and Lohmann (21), a value 
of s of 0.55 may be estimated for the benzhydryl carbonion ion, a value 
very close to that for carbon dichloride. It is therefore reasonable 
to conclude that the benzhydryl carbonium ion and carbon dichloride are 
of comparable reactivity toward simple nucleophilic reagents. 
In the original paper by Hine ̀ (2), two alternate mechanisms 
consistent with the second order kinetics were proposed in addition to 
the more likely carbon dichloride,mechanism. (See page 2 , Chapter I). 
It is possible to rule out both mechanism II and mechanism III on the 
basis of the results of the basic hydrolysis of chloroform in the 
presence of added salts. 
From the data presented it is seen that the reduction in the 
rate of hydrolysis of chloroform in the presence of the added salts was 
of the order NaI > Na& > NaC1, all of which rates are lower than the 
rate in the presence of an inert salt (NaF, NaC104, or NaNO 3 ). In addi-
tion, the rate constants in the presence of bromide or iodide ion climbed 
with time. These facts are consistent with the carbon dichloride mech-
anism, since a nucleophilic attack of halide ion upon the immediate 
carbon dichloride would cause a reduction in the overall rate of 
hydrolysis of the chloroform by reverting a part of the carbon dichloride 
to either CC1
3 
 - or CC1 
2 X
- . Since it has been shown that dichloroiodo- 
21. C. G. Swain, G. B. Scott, and K. H. Lohmann, J. Am. Chem. 
Soc., 75, 136 (1953). 
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methane and dichlorobromomethane react faster under the•same conditions 
than does chloroform, it is to be,expected -that the rate constants, would 
climb with time in the presence of bromide or iodide but not chloride 
ion because of the production of dichlorobromomethane and dichloroiodo-
meihane. This view is entirely in accord with the base catalyzed radio- 
active chloride exchange of chloroform (22) and the isolation of dichloro-
iodomethane from a reaction solution of chloroform in aqueous sodium 
hydroxide and sodium iodide. Since dichloroiodomethane was not formed 
in the absence of the base, it is evident that this haloform did not 
result from an Sp2 attack of iodide ion upon chloroform. This is in 
agreement with the observed very,low S2 reactivity of iodide ion upon 
chloroform in acetone solution (23). 
In alternate mechanism II, intervention of halide ions would 
probably occur either as an Sp2 displacement of chloride ion from the 
intermediate CC13 by halide ion or by an SN2 attack (with the dis 7 
 placement of water) of the halide ion upon the intermediate H2O-CC12 .
The former would cause no change in the rate from the action of chlo-
ride ion, but an increase in the rate from the action of bromide or 
iodide ion since the rate of disappearance of CC1
3
- is thereby increased 
because of the conversion of a part of the CC1 3 	an intermediate 
that will react faster than the original CC1 2 . 
The Sp2 attack of a halide ion upon H2O-CC12 is extremely un-
likely in view of the low stability of such an intermediate especially 
22. J. Horiuti and K. Tanabe, Proc. Japan Acad 27, 127 (1952). 
23. J. Hine, unpublished work, Georgia Institute of Technology. 
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in basic solution. In actuality> it is an oxonium ion and should lose 
a proton to the hydroxyl ion present extremely rapidly or rearrange to 
HO-CHC12. In all probability, it would not exist long enough for added 
halide ion to show any effect other than a general salt effect upon the 
rate. Mechanism II may therefore be ruled out. 
Mechanism III would predict an increase in the rate due to the 
conversion of part of the chloroform to a more reactive haloform in the 
presence of bromide or iodide ion. Therefore, mechanism III may be 
ruled out. 
In Runs NI and RR in the presence of sodium p-thiocresolate, 
some of the chloroform used yielded orthothioester, and since these 
molecules of chloroform use no alkali in going to the ortho ester, the 
decrease in chloroform cannot be determined by the change in hydroxide 
concentration alone. It is thus necessary to correct the instantaneous 
concentrations of chloroform used' in calculating the rate constants for 
the amount of chloroform which yields orthothioester. 
It. is evident that the following relations are true 
[Ohl 	0 Dicci31, (atr 
Di-CH3C6H4S1:: A  Dons 
Lp ) 
t)) 
where E. is the fraction of chloroform yielding orthoester, and f is the 
fraction of chloroform that -yields forMate ion. 
Thus, assuming that p 
arp-ojc6H4s:)  _.
Emr.l. o AP TIVITT-73" • 
39 
A value for the left hand term of this equation was obtained by fitting 
the data of Runs Jla and BR to the.. equation 
c6E4 s 	m [OR- ] + c • 
This must be true if p is constant. The slope in is equal to 
442-CR3C6R4S-1 
EOR-3 	  and was found by the method: of least: squares to be 
0.1449. Solving for kusing`thip.value giveE an answer of 0.132, mloOng 
(34-0(1-p) equal -to 24734: This value; 0.65Perp.gart lOwer'thad the 
value gotten from the treatment of the data according to the method 
used by Bine, ,(2). Although the higher value wasusedln calculating the 
rate constants 	Ba and. BR, calculatibn of the rate constants on 
the basis of the lower value is not warranted in view of the fact that 
the value of f is probably higher in the presence of p-thiocresolate 
ion than in its absence. 
The actual rate was expressed as 
rate = k [HCC13I [0111 or 
k (a-x) [b43+f)(1-p)xl 
Integration gives 
2 . 303 	log b r 	(a-x)  
t L(3+f )(1-p)a-lal 	a . L b (3+f)tl-p)x 
Rate constants calculated in this manner are within experimental 
error of the rate constants in the absence of sodiumk-thiocresolate 
(at the same ionic strength of inert salt, however). Therefore it must 
be that the p-thiocresolate ionlintervenes after the rate determining 




exists for this ion. 
Rates of Basic Hydrolysis of Haloforms 
Rates of basic hydrcilysis of some haloforms at different tempera-
tures are tabulated below. 







k x 104 
 liter mole-1 s cond-1 
HCC13 67 35.00 3.192 ± 	0.050 
HCC13 4o 35.00 3.309 + 	0.030 
HCC13 0 35.00 2.412 ± 	0.025 
HCC13 66-2/3 0.0 0.01041 ± 	0.00081 
HCC13 0 0.0 0.00602 ± 	0.00039 
HCC12I 67 35.00 39.95 ±0.37 
HCC12I 4o 35.00 22.94 t 	0.19 
HCC12I 0 35.0o 12.85 * 	0.84 
HCC12I 66-2/3 0.0 0.1182 I- 	0.0034 
HCBrC1F 66-2/3 0.0 190.4 * 	3.9 
HCErC1F 4o o.o 88.95 * 	1.88 
HCBrCIF 0 0.0 15.31 t 	1.21 
HCFeCIF 66-2/3 14.3 2,146. t 82 
HCC12Br 66-2/3 0 .0 0.3518 ± 	0.0099 
HCC1Br2 66-2/3 0.0 0.1374 0.0031 
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It was found that fluoroform ;ailed to react with aqueous sodium 
hydroxide to any detectable extent at 50*. 
The relative order of reactivity toward sodium hydroxide is 
HCBrCIF > HCC12Br > HCC1Br2 	HCC121 > HCC13 > HCF3 . 
A consideration of the carbOn.dihalide'medhanism reveals that 
there are two important factors that affect the'rate of reaction. Thpse 
are the acidity of the haloform'and the ease of loss of the halide ion 
from the trihalomethyl carbanion: 
The acidity of - the haloform -is dependent upon thp electronegativitY 
of the halogens attached to the carbon and the resonance stabilization 
of the trihalomethyl'anion, as well as possible stericr factors. On the 
basis of the inductive effect alone, we would expect the acidity of the 
haloforms to decrease in the order in 'which the electronegativity of the 
halogens attached to the carbon decreases. This would make the order 
fluoroform, chloroform, bromoform, and iodoform. HOweVer, resonance 
stabilization of the trihalomethyl carbanion can result from ten-
electron structures of chloride and bromine, but not fluorine because 
of the unavailability of d orbitals. in the last case. This ia in agree-
mentwith the'wOrk of Sherman and Bernstein (210, who found, in a 
- 	, 
heterogeneous system that the hydrogen-deuterium exchange of dibrOMo- 
chloromethaneproceeds more.'rapidlythan, does that of dichlorobromo- 
methane, and with the results' of workers in this laboratory' (4), who 
24. R. H. Sherman and R. B. Bernstein,J. AR6 Chem. Soc. 1 ,73, 
1376 (1951). 
found that deuterobromofOrth , in a homogeneous system exchanged, approxi-
mately 120 times faster than deuterophloroform. Although sufficient 
data is not available to make a definite statement, it,does seem as 
though the resonance stabilizatiOn, of the trihalometbyl carbanton by 
utilitation of the d orbitals of the halogens is more important than the 
electronegativity ofthe;halogeha , in determining the acidity of the 
haloform. It al* appears that broMine may be more. effective. stabi7." 
lizing a carbanion thamis chlorite. 
The relatiVe rates for dichlorobromothethane, dibromochIbromethane, 
and chloroform suggest that 0C-chlorine is better at stabilizing car-
bonium ions than is o(-bromine, and that a bromide ion is more easily 
lost than a chloride ion by Sill reaction. This is in accord with the 
work of Hine and Lee (6) who found the same relative order of Z N1 
reactivity among the benzotriha1ides,. 
A comparison of the: rates for Chloroform, dichlorobromomethane, 
and dichloroiodomethane is of interest. It is expected that the Sill 
reactivity of the trihalomethyl anions would be in the order 
0012I- >C0123*- >,0013- . Therefore, the reversal in the order of re-
activity of the iodo and the bream- -compounds must - be due to the 
difference in the acidities of the corresponding haloforms. We may 
thus predict that dichlorobromomethane Is a stronger acid than is 
dichloroiodomethane. 
The reasons for the hig4 reactivity of the brompchlorofluoro-
methane are not known: The aUthOr belieVes that'bOth an o ( -fluorine 
and an 0C-chlorine may lead to anomalously high Stil reactivity for 
another halogen on the same carbon atom. 
Heats and entropies "ofactivation for the reaction Of the 
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halofOrma'With'sodium hydroXide were"calculated'froM the'absoluterate 
equatiOn (25),' 
k - L1 HZ L1 SZ 
HT e 'R 
Table 10. 	Heats an 	Datropies of Activation for'Haloforms 
Per Cent 
Dioxane in k x 10 AS 
Haloform SOlvent Z3b--- 35.0p Kcal. e. u. 
HCC13 0 0.00602 2.412 28.0 +15.9 
Hoc13 67 0.01041 3.192 26.8 +12.3 
HCC12I 67 0.118 39.95 27-.2 +18.8 
HCBrClf 66-2/3 190.44 2,146b 25.8 +28.4 
nclik2 66-2/3 0.1373 40.0c,d 26.0 +14 .8 
HCC12Br 66-2/3 0.3515 86.5c , d 25 -.3 +13.8 
bTemperature 14.3° 
r.Tiemperature 35.7° 
cl:From theHwork.Of J.:E. Singley (8) 
The probable:, error based upon the. average deviations in the 
rate constants was less than 0.6 Kcal for 1-111 1 and about 2 e. u. for 
25 . S. Glasstone, K. J. Laidler, end - H. gyripg,:"The Theory of 
of Rate Processes." Mc-Grave-Hill Book Co., Inc., New York, N. Y. 
1941, p. 14. 
From the above data it is evident that fluorobramoChloromathane 
reacts faster than the other haloforms because of both entropy and heat 
of the activation effects. 
In the cases three of the haloforms (chloroform, dichloroiodo-
methane, and bromochlorofluoromethene) it was found that the rate of 
reaction increased with the percentage dioxane in the sOlvent. This 




It has been shown, upon the basis of intervention effects of 
chloride, bromide, and iodide ions, that the mechanism of the basic 
hydrolysis of chloroform, and probably also dichloroiodomethane, 
dichlorobromomethane, dibromochloromethane, and bromochlorofluoro-
methane, proceeds neither by mechanism II nor III, but probably by 
one involving the trihalomethyl carbanion and carbon dihalide as 
intermediates. 
By the use of relative rate constants, the results of the 
intervention of halides ions with carbon dichloride have been 
quantitatively correlated with nucleophilicity constants for the 
halide ions. 
The relative order of reactivity toward sodium hydroxide was 
found to be: 
HCBrC1F > HCC12Br > HCC1Br2 , '>. Hcci2T 	HCP13i > .HCF3 
Heata'and -entropies of activation have been calculated and' are 
recorded in Table 10. 
45 
APPENDIX 
Table 11. Standard Haloform SolUtions 
No. Haloform Concentration 
) 
A HCC13 0.07187 
1 HCC12I 0.12334 
2 HCC12I 0.11617 
3 mug 0.12525 
4 HCC12I 0.11578 . 
5 HCC13 0.06740 
6 HCC13 0.07118 
7, Hoag 0.14217 
8 wag 0.13075 
11 HCC13 0.07991 
12 HCC13 0.08216 
13 HCC13 0.08483 
14 HCBrC1F 0.09604 
16 HCBrC1F 0.07697 
17 HCBrC1F 0402358 
18 HCBrC1F 0.02179 
19 HCC13 0.04487 
20 HCC13 0.04599 
21 HCC12I 0.07338 
22 gocia 0.07178 
- 24' HCBrC1F 0.01539 
Solvent 














O 66 2/3 
O 66 2/3 
O 4o 
O 4o 
O 66 2/3 
66 2/3 
O 66 2/3 
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Table 12. 	Run A. 	Chloroform in the Presence of 
0.160:N 	Added Salt at 35.0 ° 
Time- 
Point 	Added Salt 	Ninutes 
Delta 
Titer 
k x 104 1.mole - sec. -I 
1 NaC1 124 2.60 2.10 
2 NaCl 296 5.46 2.10 
3 NaC1 909 11.93 2.17 
4 NaC1 986 12.45 2.17 
Average NaC1 2.13 ± 0.035 
6 KNO3 114 2.97 2.67 
7 KNO3  276 6.38 2.73 
8 KNO3 900 13.06 2.62 
9 Krio3 964 13.57 2.67 
Average KNO3 2.67 ± 0.030 
a = 0.03065 b = 0.03374 f = 0.15 
Infinite delta titer 19.0 ml. of 0.1776 N NaOH 
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Table 13. Run B. Aloroform in the Presence 
of 0.160 N Added Salts at 35.0 ° 
Time 
Point 	Added Salt 	NinUtes 
Delta 
Titer 





NaC1 	 99 
NaC1 	180 
NaC1 	281+ 









12 NaC1 	1+72 7.93 2.00 
Average NaC1 1.98 t 0.036 
6 NaNO3 	92 2.29 2.32 
7 NaNO3 	175 4.04 2.32 
8 NaNO3 	278 5.87 2.37 
9 NaNO3 408 7.93 2.32 
• 
10 	- NaNO3 	530 9.20 2.25 
Average NaNO3 2.32 ! 0.022 
a = 0.03095 b = 0.03528 f = 0.15 




Table 14. Run D. Chloroform in the Presence 
of 0.160 N Added . Salts at 35.00 
Time 
Point 	Added Salt 	Minutes 
Delta 
Titer 
ml, -1 k x 104 1.mole. 	sec..-1  
4 	NaC1 	100 2.30 2.15 
8 	NaC1 	100 2.28 2.15 
3 	NaC1 	218 4.60 2.18 
7 	NaCl 	215 4.61 2.19 
2 	NaC1 	309 6.30 2.27 
6 	NaC1 	306 6.15 2.22 
1 	NaC1 	boo 7,38 2.17 
5 	NaC1 	402 7.57 2.22 
Average 	NaC1 2.19 * 0.035 
12 	Val 	100 1.15 1.028 
11 	NaI 	212 2.42 1.082 
10 	NaI 	303 3.40 1.100 
9 	NaI 	400 4.49 1.147 
Initial 	NaI (Extrapolated) 1.00 
a = 0.03089 	b = 0.03527 f = 0.15 
Infinite delta titer 19.9 ml. of 0.1776 N NaOH 
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Table 15. Run F. Chloroform in the. Presence 
of 0.160 N Added Salts at 34.9° 



























Average NaC194 2.37 + 	0.06 
5 NaF 95.0 2.30 2.40 
6 NaF 237.5 5.05 2.28 
7 nap 423.0 8.16 2.37 
8 NaF 558.5 9.45 2.22 
Average NaF 232 ± 	0.07 
9 NaC1 92 .9 1.93 2.08 
10 NaC1 233.5 4.57 2.07 
11 NaC1 C.. 420.5 7 .  
12 NaC1 555.0 	, 8.92 2.03 
Average NaC1 2.06 ± 	0.02 
■• ••1.1■111••••• 
a = 0.03122 	b = 0.03552 , f = 0.15 
Infinite delta titer 20.0 ml. of 0.1776 N NaOH 
Table 16. Run L. Chloroform in the Presence 
of 0.980 N Added Salts at 34.9° 





ml. 4 	-1 	-1 k x 1.0 1.molesec. 
1 NaC1 100.0 2.31 2.135 
2 NaC1 227.5 4.96 2.211 
3 NaC1 351.0 6.95 2.174 
4 NaC1 486.0 8.55 2.074 
Average NaC1 2.149 4- 0042 
5 NaC104 103.5 2.53 2.268 
6 NaC104 225.0 5.00 2.259 
7 NaC104 345.5 7.18 2.315 
8 NaC104 481.5 9.16 2.308 
Average NaC104 2.287 t 0.026 
9 Nal 107.5 1.71 1.439 
10 NaI 225.0 3.34 1.423 
11 Nal 350.0 5.04 1.465 
12 NaI 480.0 6.71 1.519 
Initial Nai (Extrapolated) 1.39 
a = 0.03099 	b = 0.01896 	-f,=. 0.15, 
Infinite delta titer 19.9 ml. of 0.09542 N NaOE 
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Table 17. Runs 	gT, and BI. Chloroform in 
the Presence of 0.080(N.Added-Salts :at 35.0* 
Time 
Point 	Added Salt 	Seconds 
Delta 
Titer 
ml. -1 	-1 k x 104 1.mole sec. 
1 NaF 6 1 000 2.49 2.396 
2 NaF 15,720 5.76 2.387 
3 NaF 18,360 6.56 2.395 
Average NaF 2.393 ± 0.004 
6 NaBr 6,000 2.14 2.024 
7 . NaBr 16,620 5.53 2.139 
8 NaHr 18,360 6.57 2.404 
Initial NaHr (Extrapolated) 1.95 
11 NaNO3 6,000 2.45 2.35o 
12 NaNO3 16,440 5.98 2.534c 
13 NaNO3 18,000 6.49 2.413 
Average NaNO3 2.381 ± 0.033. 
a = 0.03057 b = 0.01863 f = 0.15 
Infinite delta titer 19.6 ml. of 0.09522 N NaOH 
cNOt averaged 
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Table 18. Huns 	BIB, and BK: Chloroform in 
the' Preaence of 0:080N Added Salts'at 34.9 °  
Point 
Time 
Added Salt 	Seconds 
Delta 
Titer . 
ml. k x 104 1.mole - lsec. 1 
1 NaBr 6,000 7.14 1.907 
2 NaBr 12,030 14.31 2.023 
3 NaBr 18,900 21.23 2.095 
4 NaBr 24,000 26.12 2.136 
5 NaBr 29,370 30.07 2.115 
Initial Na& {Extrapolated) 1.90 
6 Neel 6, 120 8.06 2.120 
7 Neel 12 000 15.17 2:195 
8 Neel 18,630 21.48 2..145 
9 NaC1 24,000 26.61 2.190 
Average NaC1 2.163 i 0.027 
10 NaC104 6,030 8.71 2.351 
11 NaC104 12,030 15.99 2.328 
12 NaC104 18,510 23.18 2.375 
13 NaC104 24,000 28.07 2.358 
Average NaC104 2.353 t 0.014 
a = 0.03058 	b = 0.01864 	f = 0.15 
Infinite delta titer 69.2 ml. of 0.02696 N NaOH 
Table 19. Runs BNI E00 and EP. Chloroform in 




Added Salt 	Seconds 
Delta 
Titer 
k x 104 1.mole -1sec. -1 
Na Er 6,120 7.70 2.017 
3 Naar 14,970 17.81 2.112 
2 NaBr 30,540 31.53 2.247 









8 NaF 14,880 19.62 2.386 
7 NaF 29,760 33.12 2.384 
6 NaF 59,940 49.28 2.340 
Average NaF 2.371 ± 0.015 
13 •NEINO3 6 / 180 9.17 2.410, 
12 NaNO3 14,730 19.62 2.410 
11 NaNO3  29,610 33.00 2.384 
10 NaNO3 59,880 49.41 2.366 
Average NaNO3 2.392 t 0.018 
a = 0.03057 	b = 0.01872 	f = 0.15 
Infinite delta titer 69.5 ml. of 0.02696 N NaOH 
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Table , 20.- Runs. Ali; A41 AX. 	Chloroform 4n 	Presence 
of 150 N-NaC104 and -0.200iN Added:Salts:at- 35 ° 





ml. k x 104 1.mole-lsec. -1 
1 NaEt 5,580 1.32 1.306 
2 Nab' 10,980 2.46 1.291 
3 Na Er 18,720 4.09 1.329 
4 NaBr 27,360 5.88 1.399 
Initial NaBr (EXtrapolated) 1.259 
5 NaC104 5,400 1.88 2.112 
6 NaC104 10,860 3.53. 1.932 
7 Na0104 18,570 5.52 1.909 
8 NaC104 27, 180 7.59 1.957 
Average NaC104 1.978 ± 0.068 
9 NaCI 5,190 1.40 1.503 
10 Neel 10,680 2.92 1.593 
11 Neel 18,330  4.49 1.511 
12 Na01 27,000 6.29 1.543, 
Average NaC1• 1.538± 0.031 
a = 0.03059 	b= 0.01862 f = 0.15 
Infinite delta titer 13.4. ml. of 0.09522 N NaOH 
Table 21. lima IQ and BR. Chloroform in the. Presence 
of 0.0580 N Sodium p-Thiocresolate at 34.95° 
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Time 	Titer 	Titer 
Point Seconds to 12 to Acid 
4 	- 
k x 10' 1.mole lsec, -1 
1 	6,000 29.22 42.60 2.302 
2 	11,460 28.75 38.40 2.322 
3 	19,440 28.8o 32.60 2.448 
4 
	
25,650 28.70 29.28 2.409 
5 	56,16o 27.85 17.30 2.412 
11 	66,060 28.80 14.64 2.425 
Average 2.386 ± 0.055 
6 	6,750 29.98 42.00 2.307 
7 	11,400 29.0o 38.38 2.341 
9 	25,560 28.50 29.3o 2.413 
lo 	53,820 28.15 17.88 2.429 
12 	67,350 28.50 14.60 2.385 
Average 2.375 ± 0.039 
a = 0.03079 	b = 0.02546 	=0i5 . 	 p =01261E. 
Infinite titer to acid = 0.0 ml. of 0.05327 N E7toluene-sulfonic acid 
12 solution = 0.1989 N. 
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Table 22. Run M. thloroform in 67 Per Cent 
Ldoxane at 34.95° 
Point 
1003;to 
Time 	 Titer 
Seconds ml. 	k x 104 1.moIe -1sec. -1 
  









6,180 	 4.14 	 3.178 
12,060 	 7.21 	 3.115 
18,000 	 9.95 	 3.168 
24,840 	 12.25 	 3.104 
30,240 	 14.12 	 3.198 
3.153 t 0.034 
a ■ 0.03049 	b 0.0239 	f 0.15 
Infinite delta titer 24.7 ml. of 0.09542 N NaOH 
Multiple flask technique 
Table 23. Run U. Chloroform in 67 Per Cent 






ml. k x 104 1. mole -1sec. -1 
2 6,090 1.92 3.242 
3 21,940 3.40 3.209 
4 18,090 . 4.70 3.201 
5 25,290 5.96 3.125 
6 29,490 6.55 3.179 
Ayerage 3.191 t 0.031 
a = 0.02739 b = 0.02387 	- f = 0.15 
Infinite delta titer 12.5 ml. of 0.03817 N NaOH 
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' Table 24. Hun V. Chloroform in 67 Per Cent , 






ml. 4 	-1 	-1 k x 10 1.mole sec. 
2 5,880 1.98 3.281 
3 12,030 3.66 3.290 
18,210 4.92 3.187 
5 24,810 6.13 3.207 
6 28,860 6.73 3.187 
7 81,45o 10.65 3.006 
Average 3.193 ± 0.066 
a = 0.02894 b = 0.02390 f = 0.15 
Infinite delta titer 12.55 ml. of 0.03817 N NaOH 






Siter  -1 	-1 k x 10 	1.mole sec. 
7 64030 2.61 2.448 
8 11,910 4:61 2.359 
9 17,520 6.53 2:448 
10 22,320 7.84 2.427 
11 56,700 13,94 .2:427 
Average 2.443 ± 0.026 
a = 0.03059 	b = 0.01892 	f = 0.15 
Infinite delta titer 19.87 ml. of 0.09522 N NaOH 






ml'. k x 104 	.mole -1sec. -1 
2 6,480 2.69 2:363 
3 12,270 4.76 2.374 
4 17,940 6.56 2.407 
5 22,800 7.95 2'.431 
13 56,940 13.99 Z.425 
Average 2 .392 1' 0.024 
a = 0.03059 	b = 0.01892:  
Infinite delta titer 19.87 ml. of 0.09522 N NaOH 
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4 	-1 	-1 k x 10 1.mole sec. 
2 5,220 2.61 3.216 
3 9,195 4.36 3.288 
4 13,080 5.78 3.282 
5 15,660 6.72 3.342 
6 18,780 7.63 3.332 
7 23,280 8.84 3.352 
Average_ 3.303 t 0.041 
a = 0.03233 b 0.02277 f 0.15 
Infinite delta titer 16.85 ml. of 0.02696 N NaOH 






Titer  -1 k x 10: 1.mole sec. 
2 5,070 2.74 3.356 
3 9,180 4.48 3.303 
4 13,035 5.91 3.243 
5 15,705 6.84 3.269 
6 18,675 7.85 3 . 335 
7 23,190 9.04 3.328 
Average 3.306 t .034 
a = 0.03332 b = 0.02299 f = 0.15 
Infinite delta titer 17.1 ml. of 0.02696 N NaOH 
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Table 29 ! Run A.G. Chloroform in 40 Per Cent Dioxane at 35.0 ° 
Point 
Delta 
Time 	 Titer 	 4 	 -1 Seconds ml. k x 10 1.mole -lsec. 
2 4.785 2.65 3.337 
3 8,850 k.9 3.331 
12,780 6, 3.322 
5 15,300 6.89 3.309 
6 18,330 7.86 3.325 
7 22,860 9.01 3.277 
Average' 3.317 0.016 
a = 0.03437 	b = 0.02284 	f = 0.15 
Infinite delta titer 16.95 ml. of 0.02696 N NaOB 
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. 	Titer  k x 10 	1.-mole lsec. 
8-5 326,910 0.53 0.005736 
s-6 698,970 1.08 0.005692 
s-7 1,203 1 210 1.75 0.005414 
T-3 242,070 0.48 0.007092 
T-4 326,220 o.56 0.006082 
T-5 697,020 -1.22 0.006414 
T-6 1,202,520 1.79 0.005520 
• 
a • 0.03180 b = 0.03776 f egg 0.15 
Infinite delta titer 28.0 ml. of 0.02696 N NaOH 
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ml.  1.mole -1sec: -1 k x 10' 
Y-2 445,950 2.56 0.005412 
Y-3 448,56o 2.86 0.006095 
Y-4 951,840 5.60 0.005797 
Z-2 82,230 0.59 o.006844 
Z-3 447,240 2.89 0.006157 
z-4 952,o2o 5.77 0.005997 
a = 0.04885 	b = 0.09480 	f = 0.15 
Infinite delta titer 70.3 ml. of 0.02696 N NaOH 
Average of Runs AS, AT, AY, and AZ 0.006019 ± 0.000394 
Table 32. .Run AU. Chloroform in 66-2/3 Per Cent Dioxane at 0.0 ° 
Delta 
Time 	 Titer. 	 4 	-1 	-1 Point 	 Seconds ml. k x 10 1.mole sec. 
2 	 348,510 	0.70 
3 	 620,160 	 1,03 
4 	 1,120,500 	 1,83 
a = 0.03045 	b = 0.02460 	f = 0.15 
Infinite delta titer 18.2 ml. of 0.02696 N NaOH 
Table 33. Run AV. Chlorofor6 in 66-2/3 Per Cent Dioxane at 0;.0° 
Delta 
Time 	 Titer 
Point 	 Seconds ml. 	k x 104 1.mole -1sec. -1 
3 	 621,810 	 1.01 	 0.009382 
4 	 1,120,050 	 2.07 	 0.011099 
a = 0.03120 	b =_0.02460 	f = 0.15 
Infinite delta titer 18.2 ml. of 0.02696 N NaOH 





Table 34.3tin P,....Edchloroiodomethane in 






ml. k x 104 1.mole -1sec. -1 
2 528 1.93 39.67 
3 1,088 3.66 40.77 
4 1,701 5.05 39.91 
6 2,838 7.03 39.67 
7 3,058 7.37 39.97 
8 3,549 7.94 39.48 
9 4,087 8.57 40.03 
10 4,722 9.06 39.15 
al 5,377 9.57 39.28 
Average 39.77 ± 0.33 
a = 0.02657 	b = 0.02337 	f = 0.15 
Infinite delta titer 12.26 ml. of 0.03817 N NaOH 
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Table 35. 	Run S. 	Dichloroiodomethane in 






ml. 4 k x 10 	1.mole - sec. 
2 683 2.53 39.41 
3 1,241 4.27 41.09 
14. 1,916. 5.67 39.45 
5 2,529 6.83 40.02 
6 3,059 7.62 40.05 
7 3,627 8.32 40.11 
8. 4,169 8.83 39.63 
Average 39.97 ± 0.40 
a = 0.02857 b = 0.02305 f = 0.15 
Infinite delta titer 12.1 ml. of 0.03817 N NOH . 
Table 36. Run. W. Dichloroiodomethane in 






ml. k x 104 1.mole- lsec. 1  
2 606 2.62 40.56 
3 1,203 4.52 40.06 
4 1,876 6.10 39.30 
5 2,385 7.14 39.90 
6 3,015 8.12 39.98 
7 3,56o 8.83 40.32 
8 4,361 9.68 39.57 
9 4,777 9.95 40.65 
10 5,362 10.32 40.59 
Average 40.10 t 0.38 
a = 0.03247 	b = 0.02301 	f = 0.15 
Infinite delta titer 12.08 ml. of 0.03817 N NaOH 
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Table 37. Rua X. Dichloroiodomethane in 






,m1. k x 104 1.mole -isec. -1 
2 6o4 1.31 21.26 
3 1,114 2.43 22.84 
4 1,796 3.60 22.56 
5 2,409 4.51 22.55 
6 2,969 5.26 22.58 
7 3,612 6.01 22.57 
8 4,377 6.73 22.27 
9 4,883 7.20 22.40 
10 5,628 7.73 22.09 
Average 22.35 t 0.31 
a = 0.02874 b = 0.02313 = 0.15 
Infinite delta titer 12.1 ml. of 0.03817 N NaOH 
72 
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Table 38.. 	Run X. 	Dic4loroiodomethane in 






ml. k x 104 1.mole,1 	-1 sec. 
13 1,246 3:06 22.86 
14 1,757 4.08 23:04 
15 2 370 5.11 23:01 
16 2,987 6.03 23.20 
17 3,565 6.65 22:61 
18 4,233 7.45 23.404 
19 4,802 7.92 22:69 
20 5,400 8.53 23.31 
Average 22.97 t 0.19 
a = 0.03280 	b = 0.02355 	f = 0.15 
Infinite delta titer 12.35 ml. of 0.03817 N NaOH 
Table 39. 	Run AA. 	pichloroiodpmethane. n 







4 	-1 	-1 
k x 10 ',mole sec. 
2 575 1.47 22.86 
3 1,239 2.93 23.01 
4 1,850 4.06 22.94 
5 2,485 5.09 23.00 
6 3,014 5.80 22.82 
8 3,964 7.02 23.32 
9 4,815 7.7o 22.40 
Average 22.91 1. 0.18 
a = 0.03033 b = 0.02412 f = 0.15 
Infinite delta titer 12.65 ml. of 0.03817 N Na011 
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Table 40. Run AO. Dichloroiodomethane in Water at 35.0° 
Delta 
Time Titer 4 	-1- 1 Point Seconds ml. k x 101.molesec. 
2 675 6.19 42.68c 
3 1,320 0.35 33.78c 
4 2,568 0.37 14.78 
5 3,432 0.42 12.51 
6 4,559 0.59 13.68 
7 6,488 0.75 12.34 
8 9,949 1.17 12.82 
9 17,224 1.85 12.19 
Average 13.053 -1. 0.8o 
a = 0.002249 	b = 0.004697 	f = 0.15 
Infinite delta titer 13.9 ml. of 0.02696 N NaOH 
cNot averaged 
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Table 41.- Run AP. 	Dichloroiodometbane in Water at 35.0° 







ml l - k x 104 1.mole4 -sec. 1  
2 7,845 1,05 14.175 
3 16,635 2.04 13.650 
4, 25,860 2.79 12.790 
5 64,800 5.28 11.695 
6 89,700 6.54 11.764 
7 100,650 7.03 11.850 
Average 12.654 0.884 
a = 0.002276 b = 0.004761 f . 0.15 
Infinite delta titer 14.1 ml. of 0.02696 N NaOH 
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Table 42. Ban AM. Dichloroiodomethane in 66-2/3 






ml. -1 	-1 k x 104 1.mole sec. 
2 11,520 0.21 0.1153 
3 57,720 1.06 0.1217 
4 147,020 2.35 0.1107 
5 158,460 2.77 0.1232 
6 242,250 3.84 0.1167 
7 438,420 6.2o 0.1162 
8 619,200 7.98 0.1162 
9 786,240 
9.13 0,1119 
10 786,240 9.14 0.1120 
11 786,240 9.14 0.1120 
Average 0.1156 i- 0.0032 
a = 0.02791 b = 0.02418 f = 0.15 
Infinite delta titer 17.9 ml. of 0.02696 N NaOH 
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Table 43. Run AX. Dichloroiodomethane in 66-2/3 






ml. 4 k x 11O- 1.mole -1sec. -1 
2 55,170 1.01 0.1231 
3 57,500 1.02 0.1183 
If 145,380 2.51 0.1256 
5 157,770 2.80 0.1277 
6 242,770 3.95 0.1230 
7 440,550 6.46 0.1248 
8 616,64o 8.o5 0.1204 
9 787,560 9.21 0.1160 
10 787,560, 9.18 0.1152 
11 787,560 9.29 0.1174 
Average 0.1207 t 0.00369 
a = 0.02730 b = 0.02419 f = 0.15 
Infinite delta titer 17.9 ml. of 0.02696 N NaOH 
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Table 44..•'Run AI. 	Bromoe4orofluoromethane in 






ml. 4 k x 10 	1.mole 1sec: -1 
2 - 106 0.81 
3 329 2.22 , 173.3c 
4 - 	514 3.51 192.3 
5 932. 5.44 193.4 
6 7.42 190.2 
7 2;623 9.23 184,0 , 
8 2,954 9.67 185.0 
Average 188.9 ± 3.7 
a = 0.009882 	b = 0.01676 	f = 0.653 
Infinite delta titer 12.40 ml. of 0.02696 N NaOH 
cNot averaged 
Table. 45. 	Run AJ.' Rromocblorofluoromethane in 






ml, -'sec.,. • k x 10 	1,mole 	r 
2 110 0.85 226.4 
3 338. 2.11 197.6 
4 568- 3.12 188.9 
5 921. 4.46 184.7 
6 1,604 6.61 196.5 
7 2,604 8.43 195.1 
8 3,003 	' 8 ,95 194.7 
Average 191.98 .1 
a = 0.007925 	b = 0.01713 	e. 0.605 
Infinite delta titer 12.70 ml. of 0.02696 N NsOR 
.80 






ml. k x 10 	1.mole -1sec. -1 
3 	0.06423 539 6.77 18.10 
2 	0.06385 1,453 13.49 15.58 
4 	0.06394 1,764 15.07 14.88 
5 	0.06363 2,577 18.88 14.29 
6 	0.06349 4,087 23.91 13.68 
Average 15.31 t 1.21 
b = 0.018068 	f = 0.629 
Infinite delta titer 33.45 ml. of 0.026 N Na011 
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Table 47. 	Run AQ. JI:rpmochlorofluorometbans 







4 	-1 --1 k x 10. 1.mole sec. 
2 448 1.99. 95.29 
3 938 3.77 117.3c 
4 1,393 4.88 90.78 
5 1,900 6.07 90.31 
6 2,443 7.09 89.33 
7 3,525 8.60 86.2o 
Average 90.38 4' 2.12 
a = 0.009119 b = 0.02115 f = 0.629 
Infinite delta titer 15.65 ml. of 0.02696 N NaOH 
CNot averaged 
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Table 48. 	Run. AR..-Eeomo4lor0fluoromethama 






Titer  k x 10 	1.mole-1sec. -1 
2 486 1.91 90.64 
3 1,024 3.53 88.59 
4 1,446, 4.53 85.96 
5 2,054 5.88 86.97 
6 2,506 6.63 85.4o 
7 3,836 8.34 82.01c 
Average 87.51 ± 1.68 
a = 0.008431 	b = 0.02129 	f = 0.629 
Infinite delta titer 15.8 mi.:Of- 0,02696 N NaOH 
°Not averaged 
Table 49., 	Runs BB and BG. 	Bromochlorofluoromethane 






Titer  k x 10 	1.mole-1sec. -1 
B-2 257 6.57 2,275 
B-3 480 7.99 2,058 
690 8.71 2,012 
B-5 892, 9.65 2,050 
Average 2,09 .9 ± 88 
G-2 192 5.68 2,260 
G-3 422 7.92 2,277 
a-4 622 8.64 2,153 
G-5 845 9.09 2,083 
Average 2,193 ± 75 
a = 0.006868 	b • 0.01308 	f = 0.625 
Infinite delta titer 9.7 ml. of 0.02696 N NaOH 
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- 	, 
,Table'50: 	Win BC, .Dibromocbloromethane 






k x 104  1..mo1e 
2 99,150 4:07 0..l 74c 
3 107,520. 4.69 .0,1385 
4 160,050 6.59 0.1395 
5. 268,800 9.37 0.1340 
Average 0,13751,0.0023 
a = 0.05787 	b = 0.03694 	f = 0.083 
Infinite delta titer 20.53 ml. of 0.02696 N NaOH 
cNOt averaged 
Table 51. 	Run BD,, Dibromochloromethane 






ml. k x 104 1.mole -1see. -1 
2' 99,570 4.24 0.1327 
3 107,40o 4.77 0.1407 
4 160,350 6.64 o.i411 
5 268,62o 9.41 0.1344 
Average 0.1372 * 0.0037 
a = 0.05787 b = 0.03703 f = 0.083 
Infinite delta titer 20.55 ml. of 0.02696 N NaOH 
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Table 52. 	Runs BE and. BF. 	Dichlorobromomethane 







 k x 104 1.mole 	sec. 
E-2 99,420 9.25 0.3344 
E-3 106,620 10.21 0.3604 
E-4 159,630 12.97 0.3563 
Average 0.3504 ± 0.0106 
F-2 101,160 9.46 0.3404 
F-3 106,740 A.O.04 0.3522 
F-4 159,870 13.14 0.3669 
Average 0.3532 ± 0.0092 
a = 0.06004 b = 0.03694 f = 0.15 
Infinite delta titer 20.53 ml. of 0.02696 N NaOH 
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Procedure: Approximately 250 ml. of boiled distilled water was 
saturated;withfluoroform at ̀5° and 740 mm. pressure. Two hundred 
milliliters of ^ this solUtiod,.measUred,at35°, was placed in a round . 
 bottom flask in the water. batkat 50° . The reaction was started by the 
. addition of 50-pl. df'04776iN NaOH. FifteenfmilliliterSaMOIeiwere 
withdrawn into flasks Containing 5.00 ml. of 0.1112 N 2.-tolutnesu1fonic 
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